Electron transport is considered in high density fully ionized liquid metals. Ionic structure is described in terms of hard-sphere correlation functions and the scattering is determined from self-consistently screened point ions.
I. Introduction
We are concerned here with the problem of calculating the resistivity of dense conducting fluids consisting solely of massive point ions and a neutralizing gas of interacting electrons. Several systems of physical and astrophysical interest are included in a calculation assuming the following:
(i) that the density of the system is such that the electrons can be treated non-relativistically. If n is the electron _2 density, this restriction can be stated as r » 10 where (ii) that the electron gas is degenerate. This is an implied restriction on the temperature, namely 6xl0 5 v T « -2-K > s (iii) that the first Born approximation is adequate for the calculation of electron scattering cross sections from the ionic system. This condition is satisfied for r < -S * * * * £» (where +Ze is the charge on the point ion) and is discussed in detail in Appendix A. At lower densities (larger r ) S the validity of the results must be viewed with the caution normally attributed to low order calculations in liquid metals; -2--3-(iv) that the density-density correlation function (static structure factor) of the ionic-system can be approximated reasonably well by regarding the ions as an assembly of impenetrable spheres. In the presence of an electron gas (and with due account for the effects of exchange, correlation and the adiabatic response to ionic motion) the effective ion-ion interaction is characterized at short range by a steeply repulsive region, and at long range by a weak oscillatory tail.
At sufficiently high density (r « 1) 9 the interaction between ions is expected to depart from the hard-core model and approach the simple screened interaction following from Thomas-Fermi theory (as used by Hubbard and Lampe );
(v) that the contribution to the resistivity from electronelectron collisions can be neglected. So long as the electron system is highly degenerate this assumption is reasonable.
In the following section we outline the basis of the calculations for the conductivity, and in subsequent sections estimate the melting temperatures of these fully ionized systems. The extensions to alloys are also discussed, and insofar as they apply the results are considered in the context of the physical properties of the deep interior of Jupiter.
II. Calculation
Within the adiabatic approximation we may write the resistivity of the dense ionized fluid of N ions in volume ft as 2 P = m/n e T (1) where the transport relaxation time T is given by We are dealing with point ions and the accuracy with which v(y) can be specified is limited only by the uncertainties in the dielectric function e (y) . In the neighborhood of y ~ 1 (the regime dominating the integrand of (5)) e (y) is quite well known and we take the interpolation form suggested by J. as noted above this combination, near T.., is weakly density dependent. It should be emphasized that if our estimates of T,. are incorrect, the form of the curves presented will remain substantially correct. We should also, point out that at -8-i densities for which the element carbon is likely to be fully pressure ionized, the hard-sphere approximation to the ion-ion 9 interaction may already depart substantially from reality.
Moreover, kTLY£_ ~ 0.05 and this implies a significant nondegeneracy. (2) is expected to be least accurate. We cannot, however, eliminate the possibility that the systematic discrepancy results from a disagreement in the temperature scale.
III. Extension to Alloys
The extension to binary alloys is straightforward in principle.
The result equivalent to Eq. (5) t This suggests that a is near unity. However, the species with higher ionic charge is expected to have a "harder" core (for 13 a given value of r ). A detailed calculation suggests that s a =0.75 for a hydrogen-helium mixture; that is, the helium hard-sphere diameter is one-third larger than the hydrogen hard-sphere diameter. In Fig. 8 , we show that this deviation from a = 1 does not dramatically change the resistivity and accordingly a reasonable approximation sets all hard-sphere diameters equal.
There is, however, no simple extension of our method for obtaining dr\/d1 to the alloy problem. For Z > 2, the temperature dependence of the resistivity is sufficiently weak that it may be ignored in a first approximation (for T-. < T « T ).
For a hydrogen-helium alloy, a crude approximation simply interpolates between the temperature trends shown in Figs. 4 and 5.
IV. Summary and Application
In the limited temperature and density range appropriate to Eq. (5) and the hard-sphere model, we find somewhat lower 2 resistivities than those previously obtained for fully ionized liquid metals. This is attributable to the use of a more accurate electron-ion interaction and a more appropriate Jupiter is observed to have a strong magnetic field and in seeking internalmechanisms for its origin it is first of interest to decide whether the field could be primordial.
If it were, then the quantity of central importance is the decay time T given in seconds by
where c is the velocity of light and L is a typical planetary 9 dimension, which we take here as 5 x 10 cm. The result 9 T ~ 2 x 10 years may seem to hinge not too seriously on the choice of L. Even if the value chosen is viewed as unreasonably large, the result for T remains such that the possibility of primordial origin is difficult to discount. In complete contrast to this, it is interesting to record that the high value of a is likely 19 to be favorable for a dynamo mechanism underlying the generation of the magnetic field.
Finally, a straightforward application of the Wiedemann-Franz The right-hand side is of the order of the electron wavelength.
It follows that . z s ~ Z 4ira However,the Born cross section per ion in the condensed state is clearly different from that of a single isolated ion.
We can calculate the "apparent" cross section, per ion, in the liquid by using the identity na a v F T = 1 where T is the "collision time" for an electron and n is the ion number density. We make a Debye approximation but allow for the longitudinal and transverse "Debye" temperatures to be different. where S , S are the appropriate sound velocities. We anti-* t cipate TL. < 9 , 9 and so approximate 9 /T, 9 /T by <» in the integrals. It is easy to show that this is valid provided 2 | e' 9/T « 2L-f or 9 = 9^ and 9 fc , which is satisfied reasonably well for the cases studied. 
